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STRESSESAROUNDRECTANGULARCUT-OUTS

WITHRJHNFORCEDCOAMIN2STRINGERS

By PaulKuhn,NormanRafel,
andGeorgeE. Griffith

SUMMARY

Strainmeasurementsandstrengthtests
stringerpanelsunderaxialload.Threeof
rectswwlarcut-outs,andthreea loruzone:

weremadeon sixskin-
thesepemelshadshort
thewidthof cut-outwas.

shoutone-halfofthewidthofthepanel.“Threetypesofcoming
stri~erswereused: withoutreinforcement,withriveted-up
reinforcement,orwithintegralreinforcement.Thestrainmeasurements
werefoundtobe ingoodagreementwitha previous~publishedtheo~
adaytedwherenecessaryby makingoverlappingassumptions.

INTRODUCTION

Xn reference1 a methodwasgivenforcalculatingthestresses
aroundrectangularcut-outsin skin-str~Terpanelsunderaxialload,
andstrainmeasurementsmadeintheelasticrangewerepresentedti
substantiatethetheoq. In thepresentpaper,thisworkis extended
to panelsinwhichthecoamingetringers(stringersborderingthe
cut-out)arereinforcedin theregionofthecut-outandaretapered ““
to thebasicstringersection..Thetestsas wellas theazalysis
covertheelasticrangeandtheultimateload.

SYMBOI.S

Al ‘effectivecross-sectionalareaofallcontinuous
exclusiveofmainstringerborderingcut-out,

stringers,
squareinches

AZ effectivecross-sectionalareaofmaincontinuousstringer
borderingcut-out,sauareinches

‘3 effectivecross-sectionalare+sofalldiscontinuousstringers,
squm?einches
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b~ diStllJICOfrom A2 to centroldof Al, Inches

ha distqc from A2 to c.entroid0$ #i3,inoh~~

L half-lGngthof cut-outjinohes

u no?mmlstress(Instring~rs),kipsporuquareInch

T shearstress(inshmt),kipsyersquareinch

3? loadcm (wholo)panel,MPH

Subscripts

all allowable

max mmmnum

-lQt ultiIrP3te

TESTSPECIMENS,ANDPROCEDURE

.SEQ?HE.”-The~~~tspI=smI=~~resixdou% fw-tr~-l IX=OIEI -
of2hS-Taluminumalloywithsixteenstringcms,TheyWC~Odivided
inl;otwogroupqof threepancm;thepancleof thufirstgrouphcdci
veryshortcut-out;thoseof thecwcondgrou~hada longcut-outq ThC .
cut-outsworerectangularandInterruytqdsixetringcrsof eachpanel.
In onoettbcthreePZUWISofeachgrouy(parmlaland 4),thucoam~ng
strin~~rs(stringer~borderingthocut.qut)hsdthesc.mecrosssection
as theotherstasingcry;Lntheoihortwopfmelsof’thegrouy,tho
coamingstringersworerdnforoodintheregionof thecut-out,the
cross-s~ctionclaraaof tho rd.nforcomc,ntbfiiqabeutequaltothe
mm of theinterruptedolmi~ers.ThCIrcinforoedstringem w.rc
eitherbuiltupby riv~tingstrapsto th(,basicstringers(panel.s2
andq)orwercjmchinmiincm Time (pand3 3 and 6). Th@g-ml.
.mrangcmmt.muipert~incntdda e ofthepanelsareshowninfigure1.

vThedimcnslomusedforthecalculationsarcgivenh tublo1.

,. Forthetcmtsin tlmelastic
ran~sjthePLMlSwerosu’bj~ctedtoa urdformlydlstributodtensile
lad at c-achGndbymeansofa whlpple-treearrangcunt,onewhiyple-
trcewasanchoredandtheoth~ronewasloadodbymcan~ofa
hyh’aul.io ~ack.Thebad WCLSmauwrodby a ringdynamom,teraccurate
toabout1/2percent,?%?llinreadingsWC.rC~~n atan i~tiall~d

I I
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of 1 kipandat incrementsof 5 kipsuy toa load02 23kips,
Tucker’manopticalstra+ngagesof 2-inchgagelen&hwereusedfor
alltestsintheelasticr&nge.Load-strainplotswerenmdeforall
gageE@%ions;itwasalmo~ta@ayO possibletodrawstraightlines
throughalltestspointsexcepttheinitial-load~oint,toan
accumcyequivalenttoW psi (twicethesmallestreadingof the
gage~). If thestraightlinemiesedtheinitial-loadpointbymore
than100psi,a checkrunwasmade,andthetroublowa~susually
eliminated;ifthetroublepersisted,thGreadingsat thisstation
werediscafied.

Procedureforstrengthtests.-l?orthestrengthtests,thepanels—..-
weresubjectedagaintouniformlydistributedtensileloadsbymeans
ofwhipple-trees.TheloadswereappliedBy a 1200-lcip-capacity
testingmachineaccuratetoshout1/2yercent.No reductioninload
wasmadeatanytimeduringthetest.S$rainsweremeasuredwith
electricresists.nce-teypegages(Bd.dwin-Southwmkgages)of~-inchL
or l-inch&agel.cngthat lmd incrementsvaryir@froii5 to20kips,
thelargestincrementbeingusedinthamiddleof theelnstlcrange.
Theacc acy”ofthsstrainreedingsisbelievedtobewithinakout

%20x lo- st lowstrains,c.bout2 ~ercentat intermediatestrains
endsomewhatlessat hi= etrains.Thelossinaccuracyathi@
strainsresultsfromthafactthat“elcctri.cqaGes@vfiInaccurate
resultsonfirstapplicationof Sti’airl(ref~rence2);no corrections
wereappliedforthiseffect.

METEODSOI?ANALYEZS
i

Elasticrange.-Theanalysisforstressesinthoelasticrange
wasmadeby thesimplifiedthree-stringer”mcthod.giveninreference1.
Thismethodisbesedontheassumptionthatallstringers&reof
constantcrosssection,whereaspanels2, 3,5,and6 l=vec~ng
stringersthatarereinforcedalongtheedgesqfthecut-out.I?or
thesepanels,twosetsofcalculationswGremade;onewasbasedcm the
asSWQ3tionthatthereinforcedsection”afthocoamingstringerwas
continuousthroughouttheM_@h ofthepanel;th~o~er oneonthe
assumptionthatthebasic(nonrcimForced)sectionwaacontinuous.The
resultsfromthefirstsetof calculationswereassumedtoapplyin
theragionlyingbetwe~ntwot~verse linesdra%ithroughthemtddlq
ofthetaperedmctiono~ thecoamingstringer8;theresultsfromthe
secondsetwureoseum~~toapplyin theregionsbotwoenthetransverse
linm justmentionedandtheendsofthepanel.Forconvenience,the
regionsdefinedInthis~r willbc rofgrredtoas ‘regionof the
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intermcdia-totheory.Thisresult
thecoamingstrl~crsworeoftwo
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reinforcementat allorwerareh.forcedenoughtomakeup (nearly)
forthe10BSofpanelarea causedby thecut-out.

RESULTSANDDISCUSSION

ElasticBehati.or

~~ne~1 r~~,r~.. Theresultsof thelxmtaendthecalcuktions
forthoelasticrangemm yrescntedinfigzmss2 eml3 in theform
of spmwiuo-str:.ssplotsfo~a loadof 20kipeineachcase;the
calculatedzmuimurnetrcssesarcalso”shownin tdlc 2. Thoaperl-
?MCII’LI?l@tPossesshownwareobtain~tifronm.ecs~~~tid~t~ti withtie
W31ueofTounq;smodulus.aSmlmedtobG loj!5CKllcsi.As ~xpl.zinmiin
t,he~ecii~n“lJet.h&sof~~~~~~e,flthe~l~fi~t~ c~e~ forthe
paznebw3.thrcir&orcedCO- stringershav~twobranchcG;the
branchillthel*CgiOnOftheCUt-OUtIs O&i~CtitcdOntheaSsU?@t&l
thatElhereinffo~’cedsectionis continutito theendsof thepo.ncl;
th~branchawayfromthecut-outi~ calculatedon thoass~tion”
thr.ttlmIastcstringeracctioncontinuc~throu~themiddleof the
~el withoutrninforcamnt.Tor-h pamclthecalculatedcurves
forthecontim.uousstri~cr~(exceptth.zcomz~ng~trfngors)ar~
Identical,%ccausetheseetri~zcruarerepresent.~dbT a sin@Q
strinqerinthet.hree-stringermethodofm..dyzingcut-outpanc:lo;
thecurvesforthainien’u.pti~stringersofa @vcn pcnclare.aloo
identicalfw thesamereaxra.

.8
Stringerstressesinpenelswithcons’~t-sectioncoamirqq

stringers.-Inpenels1 * kj the(constant-section)co&ming
&trinGerse~&itithighstresspeaksat thetransverseribsthat
bo’~dthecut-outs;theegraementbetweenexporimen+=land~eoretical
pn~kstreesesi~gcai.The~te atwhichthestressesdecrei+scfrom
theirpeakvdnus ~cithir.crcasin~dis@ncofromMe cut-outsis larger
fortheexperimentalthanforthethecr~tice.1values.Thechordwiac
dietr2butia~of theo~rcssesh thooth~rcontinuousstri~ersis
fair~-uniforminp~el 1 andcQnsequcnt~igfairlygooda~cmncmt
withthecalculatedcv.rve;inyazmlk, the@Q~~sg di~tribl~ti~is
notsounifomxat EtatiormO and7, end‘Aca~e.mmntis therefore
closeon~von onostrinqorDc#uj-themidfll~of thegroup(stringer~),
wkmree~stringers1 cmd4 Z&OWd~viationsof oppositb~t~. Sim5lar
doviati~ areobviousZW+LI-theendsof thointerruptedstrin&yrsjbut
herethedressesarolowandconsequentlyofno pimcticalconcern..,

StrinSerstressesinponelewithrlvcted-upreinforcemcnt6on
coamingst~.ngma.-Inpands 2 and5 withtherivzted-uprein-

——
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forcements,theagreementbetweenexperimentalandc~culatedstresses
is satisfactory,onthewhole,intheregionsof practicalinterest.
(Seefig.2.) Thecomingstringersshowlocalstresspeaksnot
predictableby thesimpletheoryusedhereinat stationsjustbeyond
theendofthereinforcements(station8 onpanelM station32
on panel5), presumablyasa resultofthesuddenchangeincross
sectionof thestringer.Onp,anel2 tiththeshortcut-outandthe
sharplytaperedreinforcement,thislccaipeakstressishigherthan
theaveragestressinthestringeratthe@ge of theu~t-outzThe
averagestressreferredto istheaverageoverthethicknessofthe
pack,andthemettidofQbtainingitwillb~;sxplain:dpresently.

Themeasuredstressesinthetaperedregionof thecomdmg
stringerofpanel2 areconsiderabfi~lower.tha.nthecalculatedvalues.
Thesestressesareofnecessitymeasuredontheoutsidefacesofthe
outermoststraRs.Therearetwofactorsapparentthatmaycontribute
tothisdiscrepancy.Inpanels1 and)Jwithcoamingstringersof
con~tantsection,theexperimental.stressesarealsolowinthe
correspondingregions;thisfactindicatesthatinaccuracy”ofthe
theorymaybe onereason.~kLe otherapplrmtreasoniSthata
rivetedconnectionisnotso stiffasa solidmetal-to-metal.conn43ction
wouldbe,andconsequently,thleouterstrapscarrylessstressthan
theinnerstraps.

Withintheregionofthecub-out,itwaspossibletomeasurethe
stresst~sin eachindividualstrapofthecomingstringerby putting
gagesontheexposeddges ofthestraps.Figure2 showsforstationO
thestressesintheinnermoststrap,the&.rt.urmostetrap,ad tho

.

averageptressfortheentirepack. Twosetsofwasuredv luesarc
fshown;onewasobtainedwhenthestrapswerofasbmcdwith -inch
8

rivets,theotheroneaftertheserivetshadbeenreplacedby 3 inch
r

rivets,Withthelargerrivets,tinespreadbetweenthestressesin
thocutermostandtheinnermoststrapswasalmostcutintwo. %lth
eithersizeofrivet,however,theaveragestressinthepackwas
onlyslightlylowertharithetheoreticalvalueforpanel2 atthe
relativelylowloadsused;at thehigherl,oads,largerdifferences
would,ofcourse,be expectici~Inpanel5, thedistance“betweenthe
centerlineofthecut-outandtheendoftheshorteststrapwas
sufficienttoeliminatetheeffectsoffiniterivetstiffnessat
station0. -.

Stringerstressesinpanelswithintegrallyreinforcedcoani~
strin~f’m panels3 and6~tich thecoamingstringershad
~n-reinforcements, theagreementbetweenexperimentaland
calc~atedstressesis &gainqfitesatisfactory~ theregionsof

4
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practical interest.Pano~3 withtheehortCUt-OUtandsharp
a~in exhibitsthehi~ localstresspeakJustbeyondthoend
reinforcementsandthuVGH lowstressesinthoregionoftho

7“

Somewhatperplexingisthe-factthetthestressin–~.ecoaming-
stringerat stationO ioappreciablylessinpamel3 tkn in panel2,
Thisresultindicatesthatat lowstrcssm,at least,thewide
integralreinforcementwaslesseffectivethantheriveted-up
reinforcement.

Shearstrt>sses.-Theshmr strmsesinallpanelsareshownin
figllm3* The agreement%etwecmexperimentalandcalculatedstresses
isverysatisfactory.

—

UltimateStrcm@hs

Panelsti-thcoamjngstri~ersofconstantsccti+n.-
andk, the(constantsection)coamln~stringms~howeda
stresspeakat thotransverserib. Theelectricalgages

Inprods 1
VCZ’Yhigh
at thiQ

stationindicated.noappreciabledeviationfra & stratght-line
relationshipbotwccnstrainandlmd Up to thehighcdloadsatwhich
r~=dingswerGtaken(about0.9Plfit).,Fh.3panelsmi~htthereforebe
e~ectedtofailaccordinq.tothebrittle-failur,>theory,thetis,
whenthethcoreti~lmax~mumdnxmsreachedtheallmablevalue.The
allowableStresswasdeterminedby testson s&@3 strin&rswith
rivetholes,inordertoincludetheeffectof stressconcentratim
dueto suchholes:theulttmntestressbasedonthenetareawas
foundtob 64.o ksi (awrageof3 tests)against70.s.ksiag
determinedby standardtameilompecim~s.Withsm allowablest~ess
of 64.0ksi,failureforpanel1 waspredictedat 71.5kips&@inst
an actualfailingl~d of 7’7.0kiFs;failureforpanel4 w?l?ls
predictedat 84.8 kiysagainst.anactuelfaili~loadof87.0 kiFs.
(Seetable3 .) TheprsdicttonsWerC thcrefor~ c~crvative by
about7 Ferccntforpanelland 22percentfor~mel 4. Thefracture
shouldbea tc,aracrosgthenetsectionof thtipanelat (ornear)the
ribline,andfigureb showsthatthist~e offailurewasactually
observed.

AQ table2 shows,thocalculatedratiosofpmk shearstrem to
peakstringeretresswereO.- forpanellgmd 0.62 foti”-pemol4. If
theallowablevaluo3aretakenas 37ksifor~he&rand62 ksifor
tfinsilest~-esu,thecorrespondingratioof theallokzkde SJiZWSOS..
is0.60, Consequent~v,th~rewasa thoorctioalpossibilitythatin
panel4 thefailuremi@t beprecipitatedby shearfailureofthe
aheat. Analysisofthestressesnwm th~cut-outshowsd,however,
thatthesheet-bearingstressundertherivetat thecomncn?of
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cut=out e=eedadtheallowablevalueat about one-half of the
~lt-te load in ~el ]. as well &fl in ~=.el k’. Progressivebearin~
failurerellevedthepeakshearstresssufficientlytoprecludeshear
failure.

ThestringerstresseswerenotappreciablyM!kctedby the
rodistributicmofshearstressbecawetheytiopcnd.cmthointegzate~
effectoftheshearstresses,Whenth~pc.akshearstr~ss~saro
reducedmaterially,thetransferof loadframthecutstrlngergto
thecontinuoussl.ringGrs%&s places+a ~ater dl@ancoframtho
cut-out;thechordwise&Lstributionof thestrtngorstrcmsesinthe
neteectionmy thereforebo cxiiectedtobecomeeome%ht.moreunifo~
m thebad.incr~ases.Thisconsiderationmayerplainwhythe
strengthpredictionswereconmrwtive.

Panelswithreinforcedcoamingstringers.-Inpanels2, 3, S,
and6 withrohforccdcoamin~stringers,t.h.,choT&iscdistribution
oftheetriqer strcsma in~honwtgtic~hnwafimuchmoreumli?orm
withintheele,eti.cran~othaninpanel~1 qnfik wtthccmmtant-scctlan
stringcre.A convtinientmmsureof“tknonunifmmltyat thor:b

-,

3taLion(wkm allthostringerstrc.sxxreachtlmirj@s values) is
tlm ratio of stressinthecoemin~gtringartoavfwa:~ostr~sainthe
othercontinuousBtrin[;era(ctr~ssinsubstitutem!.n@ stringer).

Forpanel1 (shortcut-out,no reinforcement)thi~ratiowas3..87,
forpanels2 and3 (shortcut-out,

.
rein$orccklMn-ingcre)theratio

wasonly1.14;forpanc,l4 (lon8cut-gut,no reinfor~mcnt)tho
ratiowas1.41,forpanelsP and6 (long cut-out, reinforced atringmw)
it was only 1.12. s

Thouniformityofthochordti.eecli8tributionwasfurtkr
incrcmed,at landsaboveaboutona-halFoftheult~.ts,by an
Increasingloseof effectivenessofthercinforc~dportion,compensated
by increasedetmssosintht.iothorcontinuousstmtngers,minly the
nearcwtone. Northestr~ms withlongtaper(pmels5 EJXI6), thie
effect was mall, %ut forth~sstringerswtthshort&per, :twasquite
pronounced,perticukrl.yforthebuilt-uprtii.nforccmmtofpn.cl2.
(Seefig.5.)

In thesparnnhmdirection,thestringar@raesosIntlhopsmls
withreinforcedstrin.gereweres&c,muchmorauniformtlwnintho
panelswithoutroinforcomcnt~.In thepcaelswithr~inforced
etrin@rs,thomea ofthe,netoecti,onofthepantil(alongshiathe
cut-out)WaEIonlysM@t~y 1(MHthanthearm of thefullscctiun;in
the panels without.reinforcmcnt,thec.maof th~netsectionwm
ebout5/8 of the crea in tb gross secti.cm, bccawe 6 out of 16
Mnxingerswerecut. 1.

.
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Thesoconsiderations~howthat,intheelasticrange,distribution
of thestringerstressesinthereinforcedpenelswasnottoofar
fromtheuniformdistti.butionassumedin theplastic-failuretheory
andthatthedistiilmtiontendedto%ecomemen moreuniformathigher
loadG. Thereis consideza%lejustification,then,forusingthe
plastic-failuretheoryinpredictingthostrengthofthoreinforced
pancil.s.

Examinationofpoesiblecriticalsections,orpathsoffailure,
on theIasisofthepLzstic-failuretheoryshowedthatthepanels
shouldfa3.1by tearingofthefourcontinuousstringersat ornear
thetre.nsver~erib,by tearingofthecozunl~stringerintho
unreinforcedsection,an5shearingorbearingfQilVrsof the&eet or
rivetsunderthetaperedportioneof thacoar.ingstr

Y
Crs. TM.13

typeoffcilurowasobserved~nallr~inforcedpamls fig.4). The
te~zringof thecoaDIi~ stringer8 took ~L-.co $-ast bycnd thoendeof
tho reinforcements, presumablybecaum local stre~s concentrabfons
exietad at time points, as shownby Ma strain moasurcmcntsinthe
elasticrange.Itmayseemfromfigwe 4 that panel 5 (low cut-out
with built-up rcinfomemmt on atr@gerB)didnotfailinthepredicted
mnnor,thecoamingstrin@rslxain~tornun&rnE&ththetopetzapsat
theendof thecut-outinstmdofbeingtor~@t %cyondtheendof
thetapered6cction,Calculationshowedtkt thestrengthofthe
panelforthispathoffailureshouli beabout5 percent higher
than for the path of failuro doscribod for the othf.r panels.
Exauinntion of tho pmlel diaclomd that the fcil.um he,dapparent~
startwi in the yredicted mannerby tearing of one end of one calming
b?ir@r at thepoint where the reinforcement begrm; however, for
someUnlsno%nreason, failure then tookPJA%CUalonga differentpath,
andasa rcault, thefail~Oat theendofthersinforcomentcanbe
seenofiyby inspectionof theoriginalpanel.Thestrengthsyredicted
IIycdd+hgtheappropriatestrengthsof olenmnts(takl~4)were
slightlyuncons6rvativeaa shownby thelastcolunnof+ablo4,the
averageratioof observedtoyrcdictgdfailh.gloadbeing0.9’3andthe
lowestvalue0.95.Predictionsbasedon thebir?.ttle-failuretheory
wouldhavebeenfrom16 to 27 percent conmmmtlve.

Theratiosofpeakshearstrcmstopeakstringerstresswareso
highinp&mls 2, 3, 5, and 6 (tab-le 2) thatsh~r failureein the
shootmi@t be expected.No shearfailures developed,howovcrj@
bearingfailuroaundertherivetswcroobservodfortherer.songiven
inthediscussionof thestren@.htestsofpanelsland 4 with
con&xunt-uectioncomingstrhgers.

,—

.
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Thefollowingconclumtonswere drawnfrom the tebts m SIX
axially loaded skin-sttigerpanelswith~ec@n@l@rc’xt~oute:..

1. Theobservedstrmssesjntheelasticrangeagreedfairly “
wellwiththoeepredictedbya ~revlous~yubL4.shodtheo~. (l!ho
thcor’y%msadapte~topanelstithreinforcedccamimgstl~n&er~by
makingtwooverl.appin~aasumptlons.).,

2. Theultimatestrengthsofthetwopanelswithconstant-
sectioncoemingstringersdifferedfromthosepredictedby the
“brlttla.failnretheol~:’(that~a *O sayyhy-uein: the ~lastic
theory)%Y 2.?to7 perfiefit,the predlctione ?JOiWJconservative,

.

,

3,. Tho ultimatewtmn~tha of the four pmmls with rej.nfmced .
coamiw stringers diftercd not more than X5ycrccmt frmn Lhe st.rcngfis
predictedby the“plaetic.failuretheory”;commcti~~usedint.hcdcsl~
Ofpe~’foratedplatesmmlvofductilerrntcti-el.Thisconclusionshould
notbe qw~aalize~toa~.lytootherpanelsunlessthecross-scctlonel
areaof thereinforccmenteof thecoamingstringereisroughlyequal
to thecrews-sectic~lareaof @ mtxj:iel rmved by the c~t-out.

.
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HWEL DIMENSIONS

Sheet GroQsEI!XXA
‘anelthichlcss mxa

(in.) (sqIn,)

-————l————t———
1 0.0?15 0.835
*
2 .0315 .635

3 ,oj16 .837
I

1} ;o~fi .843

3 .Ojti .f137

6 .Q318 .843

Aw’’?lgogmlw

erm of Om
stringer
(s~a;n.)

0.0975

.0973

.0975

.0964

.0951

.0992

Avmwgcgroaa
crcrcof’olm

comdngstringer
(W&)

0.0975

.3669

.3810

.0981

.3876

.3702
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CONS’IYXTSLEEO IR TBEOEEITCAL CAUWMITOXSANOIMXJMOMTEEORRHCALSTRXlSE3

I

Al ~ A= -DI ~ b2 II ‘ “r%, ~‘DLx “’~J32
&Ilel

(Sq in.) (q in. ) ‘ (sa;R.) (h.) [ [in.)
hi

(In.) ;; (c) (c)
i

1 0,-fIk o.l~g @.632 !7.?01]6.M4 1.5 17.9 1o.3 0.58

2 .747 a.l:)
=.428

.624 7.449 6.019 1.5 I_o.7“ 8.1 .76

1 I
3 ,7h6 a.157 1 .626 7,313 ~.l~?

I
1.5 11.q

b,442 i . 1.O.5

4 .;47 ...@ .625 7.305 6.16Q 14.5 15.,1 .@9.4

5 “*735 =.157 .622
3.450 I7.438 6.012 14.5 I 9.6 7.6 .79

6 ,.7% a.154 .63h i ~315., 6.165 14.5
~.432

9.7 7.6 .m

1

CoMmImE FOR AERonmrms
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UEITMTT STRENWR CKCCUIATIOT?SFORCOEWJFJ!-SECTIONCOAKUW STRINGERS
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(d) Panel 4.
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